Suppl. Figure 1: Time-dependent changes in anisotropy upon binding of RNA to Hera
A 3'-fluorescein-labeled 9mer RNA (500 nM) exhibits a low fluorescence anisotropy of r = 0.025 due to rapid rotational motion. The anisotropy increases to r = 0.085 when addition of 1 µM 32mer RNA allows for duplex formation, leading to slower rotational tumbling. Addition of 1 µM Hera and formation of the Hera-32/9mer complex caused an instantaneous increase in anisotropy to r = 0.135, justifying a 2 min equilibration time in anisotropy titrations. Measurements were performed in 50 mM Tris pH 7.5, 150 mM NaCl, 5 mM MgCl 2 at 25°C. Fluorescence was excited at 495 nm and detected at 530 nm.
Suppl. Figure 2: Binding of RNA to Hera and Hera domains
(A) Comparison of K d values of 32mer RNA complexes of Hera_RBD, Hera_370-510 (DD, RBD), Hera_core and Hera_208-419 (RecA_C, DD) with full-length Hera. The values are consistent with the RBD as the major RNA binding platform in the absence of ATP. The core contributes to RNA binding, but the DD does not. Measurements were performed in 50 mM Tris pH 7.5, 150 mM NaCl, 5 mM MgCl 2 at 25°C with 50 nM 5´-fluorescein-labeled 32mer RNA. Fluorescence was excited at 495 nm and detected at 530 nm. (B) Stoichiometric titrations of the 5´-fluorescein-labeled 32mer (5 µM) with Hera and Hera_RBD. The broken lines indicate the lower and upper limit of the equivalence points. The data support a 1:1 stoichiometry of RNA binding to the RBD and to Hera (one RNA molecule per Hera protomer). Measurements were performed in 50 mM Tris pH 7.5, 150 mM NaCl, 5 mM MgCl 2 at 25°C. Fluorescence was excited at 495 nm and detected at 530 nm. (C) Electrophoretic mobility shift assay of 32mer and 21mer binding to Hera_RBD, and quantification of the RNA fraction bound. Samples were incubated in 50 mM Tris/HCl, pH 7.5, 150 mM NaCl and 12% (v/v) glycerol at 25°C for 30 min prior to gel electrophoresis. The numbers below the lanes indicate the protein concentration in µM. The RNA concentration was 6 µM. The K d values can be estimated to ~7 µM (32mer) and ~23 µM (21mer). Comparison of the three spectra shows that of the 10 signals observed in this spectral range three belong to protein backbone amide groups (red spectrum). Two are not correlated to 15 N-nuclei when either 15 N-labelled RNA or 15 N-labelled protein is used and therefore most likely belong to protein OH-groups. NOESY-spectra suggest that these signals belong to two protein tyrosine residues. Five signals represent guanine imino groups of the bound RNA. Four of these signals have chemical shifts typical of guanine imino groups in Watson-Crick-base pairs and belong to the helical stem of the 21mer RNA which is still present when the RBD is bound. The fifth signal (red arrow) belongs to a hydrogen-bonded guanine not in a canonical base pairing interactions. Moreover, this signal is not observable in the free RNA (not shown). Thus, this signal corresponds most likely to a guanine interacting directly with the protein via hydrogen bonding in agreement with the binding mode for Gua2 in the X-ray structure of the Hera-RBD in complex with 5'-GGGC-3'. (B) Unwinding of a donor/acceptor-(Cy3/Cy5)-labeled 32/9mer RNA substrate (0.5 µM), followed by a reduction in acceptor fluorescence due to a loss of FRET upon release of the single strand. Cy3 fluorescence was excited at 554 nm and Cy5 fluorescence detected at 666 nm. Hera (5 µM) unwinds the 32/9mer RNA substrate with a rate constant of 0.017 s -1 (plus a slower phase with k = 0.003 s -1 ) in the presence of 1 mM ATP (black, arrow). No unwinding (above background) is detected in the presence of 1 mM ADPNP (cyan). (C) Unwinding of the 32/9mer RNA substrate (50 nM 9mer, 1 µM 32mer) followed by fluorescence anisotropy of a fluorescein attached to the 3´-end of the 9mer. Fluorescence was excited at 495 nm and detected at 530 nm. In the 32/9mer RNA the anisotropy is 0.103. Addition of 500 nM trap RNA (unlabeled 9mer) leads to a slight decrease in anisotropy. Formation of the Hera-32/9mer -complex results in an anisotropy of r = 0.115. After ATP addition (4 mM, arrow), the anisotropy decreases due to release of the 9mer upon duplex unwinding. ADPNP (4 mM) does not support unwinding (cyan). The half-life of the unwinding reaction is ca. 45 s, corresponding to a rate constant of unwinding of ca. 0.015 s -1 .
All reactions were performed in 50 mM Tris pH 7.5, 150 mM NaCl, 5 mM MgCl 2 at 25°C in the presence of a 10-fold excess of non-labeled trap strand to ensure single turnover conditions. The similar rate constants of unwinding and the lack of unwinding in the absence of ATP (not shown) and in the presence of ADPNP in all three assays confirm that these methods report on duplex unwinding.
